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Abstract  
Aim: It is unclear whether cognitive impairment in Pierre Robin sequence results from a 
primary disturbance affecting both, the brain and the mandible, or from recurrent upper 
airway obstruction. If the latter were true, cognitive impairment should be preventable by 
early treatment of upper airway obstruction. We wanted to determine the cognitive and 
psychosocial outcome of children with Pierre Robin sequence, treated with a new device 
aimed at relieving upper airway obstruction in infancy (Pre-Epiglottic Baton Plate). 
Methods: 34 children with Pierre Robin sequence and 34 healthy controls aged 4-11 years 
completed the Kaufman-Assessment Battery for Children and a self-concept inventory. 
Parents rated their children’s emotional and behavioural problems. Multi- and univariate 
analyses of covariance were performed, controlling for gender, age, parental education, 
family income and parental depression. Results: The cognitive development of the Pierre 
Robin children was within the reference range. Compared to healthy children, however, the 
children with Pierre Robin sequence performed significantly poorer. There were no 
significant differences concerning self-concept, emotional or behavioural problems. 
Conclusion: These children with non-syndromic Pierre Robin sequence who had received 
treatment of upper airway obstruction in infancy, performed worse in the Kaufman-
Assessment Battery for Children. However, this did not reflect a major cognitive 
impairment. Keywords cognitive and psychosocial development, Pierre Robin sequence 
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The Pierre Robin sequence (PRS) is characterized by micrognathia, glossoptosis, respiratory 
distress and optionally cleft palate (1). Approximately 40% of patients have PRS in 
combination with other malformations (2). The dominant clinical problem in PRS is severe 
upper airway obstruction (UAO) (1,3) and failure to thrive (3,4). Various treatments have 
been developed to overcome the UAO (1,5). At our institution, a palatal plate has been 
developed that has a velar extension pulling the base of the tongue forward, thereby 
widening the pharyngeal space (the Pre-Epiglottic Baton Plate, PEPB). In a controlled trial, 
this plate was shown to improve upper airway obstruction in PRS (4). 
 
Mental retardation has been reported in PRS (6,7). It is unclear, however, whether this is due 
to an underlying congenital disorder involving both, the brain and the mandible, as suggested 
by Abadie et al. (8), or a disturbed development resulting from intermittent hypoxia and/or 
sleep disturbance as seen in other cases of UAO early in life (9). If the latter were true, 
cognitive development should be within the normal range if children with PRS had their 
UAO treated early. 
 
Children with craniofacial malformations may also have an increased rate of behavioural 
disorders, internalising and externalising problems and reduced social abilities, and their self 
concept and self esteem may be negatively affected (10,11,12,13). These impairments may 
continue or even worsen over time until adulthood (14,15). No study, however, has focussed 
systematically on these psychosocial problems in children with PRS. 
 
We therefore conducted a study investigating the cognitive and psychosocial development 
(self-concept, behavioural and emotional problems) in children with PRS who had been 
treated with the PEBP mostly within their first 3 months of life. 
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Patients and Methods 
Subjects and study design  
All 84 children with PRS born between 1994 and 2001 and admitted to the University 
Children’s Hospital Tuebingen were screened for eligibility. Children in whom the PRS was 
part of an underlying congenital malformation potentially affecting neurodevelopment (e.g., 
fetal alcohol syndrome or Moebius syndrome) were excluded (n=27). The remaining 57 
children were approached and invited to this case control study. Of these, 34 participated; 
reasons for not participating were address unknown (n=8) and lack of parental consent 
(n=15). Infants not participating were of similar gender and age (52% boys; mean 5.8 years 
(SD 1.7) as participants (Table 1a in Supplementary Material online). 
A control group of healthy children of similar gender and age, level of parental education, 
family income, marital status, and nationality was recruited from various schools and 
kindergartens in the Tuebingen area (Table 1a and 1b in Supplementary Material online) and 
screened via parental interview to ensure that they were healthy. The study protocol had 
been approved by the ethics committee of Tuebingen University Hospital and written 
informed parental consent been obtained. 
 
Methods 
Children completed the Kaufman-Assessment Battery for Children (K-ABC) -- German 
Version (16) and the Frankfurt self-concept inventory (Frankfurter Kinder-Selbstkonzept-
Inventar, FKSI) (17); this was done with no parent present to avoid parental bias. The K-
ABC is comprised of four global scales: the sequential processing scale, the simultaneous 
processing scale, the mental processing composite (composed of sequential and 
simultaneous processing) and the achievement scale. The FKSI is a German inventory to 
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examine a child’s self-concept in different domains, yielding 3 categories (positive -- neutral 
-- negative self concept) (18). 
The accompanying parent was asked to fill in 3 questionnaires: the Strengths and Difficulties 
Questionnaire, SDQ -- German Version for parents of 4-16 year old children (19,20,21), the 
German version of the Center for Epidemiological Studies Depression Scale, CES-D (22,23) 
and a purpose-written questionnaire on demographic variables; the latter two were to 
determine the control variables for this case control study. All tests except the FKSI have 
been standardized and validated. The psychometric properties of the FKSI are good (18), but 
reference data have not yet been published. 
 
Statistical analysis 
Data were collected on standardized forms and encoded for analysis using SPSS for 
Windows (version 11.5). Categorical outcomes were compared using the Kolmogorov-
Smirnov-Test for two samples. Continuous outcomes were compared using analyses of 
covariance. Before being entered as covariates, the potential variables (children´s age, 
symptoms of hyperactivity, parental education, family income, parental depression) were 
checked for group differences (Student’s t-test, Mann-Whitney-U-test) and for correlations 
(product-moment correlation, Spearman´s rank correlation) with the dependent variables. 
Only those without group differences and with significant correlation coefficients were 
entered in the final analysis. A p-value <.05 was considered statistically significant. 
 
Results 
Analysis of cognitive data 
Mean scores of the K-ABC were within the average range in both groups, except 
simultaneous processing, which was above average in the healthy controls (HC); only 
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between 0 and 3 children (i.e., 0-8.8%) scored below average (Table 2 in Supplementary 
Material online). All mean values of the PRS group, however, were below those of the HC.  
Using the Kolmogorov-Smirnov test for ordinal data, there were no categorical differences 
between groups concerning the categories “below average”, “average” and “above average”. 
To examine continuous group differences on the sequential processing scale (MPRS=102.38 
(SDPRS=13.64); MHC=111.21 (SDHC=9.29)), the simultaneous processing scale 
(MPRS=108.24 (SDPRS=11.14); MHC=117.86 (SDHC=10.97)) and the achievement scale 
(MPRS=104.74 (SDPRS=11.34); MHC=112.76 (SDHC=9.41)), a multivariate two-way analysis 
of covariance (group and gender) with the children’s hyperactivity/inattention symptoms, 
family income, maternal and paternal level of education entered as covariates was computed. 
A significant overall main effect of group was found (F(3,53)=5.75; p=.002). In all three 
scales children with PRS did poorer than HC (sequential processing: F(1,55)=9.43; p=.003; 
simultaneous processing: F(1,55)=10.63; p=.002; achievement scale: F(1,55)=8.58; p=.005). 
No significant main effect of gender and no interaction was observed. Only the covariate 
hyperactivity/inattention, correlating negatively with the K-ABC scales, showed a significant 
influence (F(3,53)=3.53; p=.021). 
The sequential and the simultaneous processing scale constitute the mental processing 
composite. Therefore a univariate two-way analysis of covariance (group and gender) was 
carried out for the mental processing composite (MPRS=105.12 (SDPRS=9.86); MHC=114.14 
(SDHC=8.69)). Children’s hyperactivity/inattention symptoms, family income, maternal and 
paternal level of education were entered as covariates. The main effect of group was 
significant (F(1,55)=15.62; p=.000), demonstrating better results for HC than for PRS. No 
significant main effect of gender and no significant interaction was observed. Only the 
covariate hyperactivity/inattention, correlating negatively with the mental processing 
composite, showed a significant influence (F(1,55)=7.73; p=.007).  
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The effect size index Eta2 (η2), used to confirm the power of the differences found, yielded 
values of η2=.146 for sequential processing scale, η2=.162 for simultaneous processing 
scale, η2=.221 for mental processing composite and η2=.135 for achievement scale; all these 
imply large effects (24). Statistical significance also depends on sample size; large effect 
sizes in small samples are especially meaningful. 
 
Analysis of self-concept data 
In both groups almost all mean scores of the FKSI scales were positive and most children 
rated their self-concept positive in all scales used. Negative ratings were rare (Table 3 in 
Supplementary Material online).  
Using the Kolmogorov-Smirnov test for ordinal data, there were no categorical differences 
between the groups concerning the categories negative, neutral and positive self-concept.  
To examine continuous group differences on the FKSI subscales, a multivariate two-way 
analysis of covariance (group and gender) with children’s age in months, parental depressive 
symptoms, family income, maternal and paternal level of education entered as covariates 
was computed. No significant main effect or interaction was observed. Only the covariate 
“children’s age in months” showed a significant influence (F(11,43)=2.60; p=.012). 
For the FKSI global score (MPRS=223.74 (SDPRS=15.06); MHC=226.24 (SDHC=16.13)), a 
univariate two-way analysis of covariance (group and gender) with maternal and paternal 
level of education as covariates was carried out. No significant main effect or interaction was 
found, none of these covariates showed a significant influence. 
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Analysis of behavioural and emotional data 
In both groups all mean scores of the SDQ problem scales and the SDQ global score of total 
difficulties were low and the mean scores of prosocial behaviour were high. All mean scores 
and most individual values were within the normal range (Table 4 in Supplementary 
Material online). 
Using the Kolmogorov-Smirnov test for ordinal data, there were no categorical differences 
between groups concerning the categories “normal”, “borderline” and “abnormal”. 
To examine continuous group differences on the SDQ subscales, a multivariate two-way 
analysis of covariance (group and gender) with children’s age in month, parental depressive 
symptoms, family income, maternal and paternal level of education entered as covariates 
was computed. No significant main effect or interaction was found. None of the covariates 
showed a significant influence.  
For the SDQ global score of total difficulties (MPRS=8.64 (SDPRS=3.73); MHC=7.45 
(SDHC=4.70)) a univariate two-way analysis of covariance (group and gender) with maternal 
and paternal level of education, parental depressive symptoms and family income as 
covariates was carried out. No significant main effect or interaction was observed. Only the 
covariate maternal level of education, correlating negatively with the SDQ global score, 
showed a significant influence (F(1,54)=6.79; p=.012).  
 
Discussion 
Compared to published norms (16), the K-ABC results of these children with PRS were in 
the (upper) average range and there were no categorical differences between the two groups, 
indicating that there was no evidence for any substantial cognitive impairment. Analysis of 
continuous data, controlling for relevant covariates, however, showed poorer outcomes for 
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the children with PRS compared to HC, with a mean difference of about 0.5 standard 
deviations.  
 
Previous research suggested an increase in IQ in the general population over time (25,26), 
indicating that the norms of the K-ABC are possibly outdated (27,28). Thus, although our 
children with PRS showed no mental retardation, they did demonstrate some quantitative 
impairment, potentially suggesting a delay in cognitive development (7). This result is 
especially important against the background of the consistent treatment of the PRS children 
with the PEBP in this sample, which largely avoids hypoxia and insufficient weight gain. 
The question therefore remains what may be responsible for the observed quantitative 
differences in cognitive functioning. 
 
Except for the subscale self-assertion and assertiveness, the subscales and the FKSI global 
scores showed means within the category for positive self-evaluations. These positive ratings 
indicate good mental health and stability in both groups (18). In addition, there were no 
significant group differences concerning both the categorical and continuous outcomes (29). 
In children treated with the PEBP, PRS was not associated with negative effects on self 
concept. 
Concerning behavioural and emotional problems documented with the SDQ, for both groups 
the subscales as well as the global problem scores were normal. Furthermore, there are no 
categorical or continuous differences between the two groups, also suggesting the absence of 
major mental health problems.  
 
These results do not support the hypothesis that children with PRS have a more negative 
self-concept or more behavioural and emotional problems than healthy children. Previous 
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reports of children with craniofacial anomalies only referred to a higher risk for psychosocial 
problems, possibly resulting from negative reactions from the social environment. These 
may have been absent in this group because treatment with the PEBP stimulates mandibular 
growth, reducing the main visible anomaly in PRS and thereby the cause for negative social 
reactions. Alternatively, however, it may not be their appearance but the way they speak that 
causes the above difficulties (14), which would not be affected by the PEBP. 
Our results have implications for counselling families of children with PRS, as they provide 
arguments to counter the belief that these children suffer from mental retardation. 
 
Limitations 
Our data may have been subject to selection bias. Patients referred to our institution may not 
be representative of all children with PRS. In fact, it is quite likely that only severe cases not 
responding to positional treatment had been referred. On the other hand, we cannot exclude 
the possibility that parents who denied participation were afraid of a worse outcome of their 
children and that only parents of healthy children, expecting good results, decided to 
participate. Additionally, a control group of children with PRS not treated with the PEBP 
should have been recruited to explore the causes of the cognitive delay in children with 
isolated PRS. This, however, was not available to us.  
 
Although formal power calculations have not been done and one might argue that the study 
is underpowered, the effect sizes found were large. Furthermore, one should expect that 
clinically relevant differences should have been detected with this sample size. 
Concerning the psychosocial development, protective factors may compensate for the 
negative impact of a chronic illness. Indeed, parental scores for depressive symptoms were 
significantly lower than in the normative sample and the percentage of single parents was 
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low (12%). Finally, the sensitivity of the new instrument FKSI may have been insufficient to 
detect subtle development-related differences in self concept. Although we consider this 
unlikely, final validation and published norms are missing.  
 
In conclusion, while we did not find evidence for any major cognitive impairment in these 
children with PRS treated with the PEBP, the cognitive development of these children 
appears to be delayed. Our results can only be extended to children with PRS without 
associated anomalies whose recurrent UAO has been sufficiently treated during infancy. 
Further research is needed comparing children with PRS who have been treated with 
different treatment modalities. Prospective studies controlling for intermittent hypoxia in 
early infancy as well as those comparing treatment modalities may help to answer the 
question concerning the underlying reasons for the mild cognitive delay seen in this study. 
Longer follow-up studies are also needed to examine if the development of the self concept 
and self esteem remains as normal as suggested by our data. 
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Table 1a Study population 
 PRS (n=34) HC (n=34) 
gender (n=):    female 
   male 
19 
15 
18 
16 
age (in years)  Mean 6.74 (SD=2.09) 
Range 4-11 
Mean 7.15 (SD=2.15) 
Range 4-11 
age (in month)  Mean 87.29 (SD=25.78)  
Range 50-142 
Mean 90.68 (SD=24.58) 
Range 53-136 
level of education (n=): kindergarten 
   primary school 
   secondary school 
   grammar school 
14 
16 
2 
2 
11 
20 
1 
2 
accompanying symptoms in PRS (N) * 
  isolated PRS 
  PRS as part of Franceschetti syndrome 
                             Premature birth (<37 wk GA) 
 
33 
1 
3 
--- 
HC healthy controls 
* Exclusion of the child with Franceschetti syndrome or of those born pre-term does not 
affect the results. 
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Table 1b Socioeconomic factors of the study population 
 PRS (n=34) HC (n=34) 
mother´s level of education (scale 1-8) Median 4.0 (Range 2-8) Median 4.5 (Range 2-8) 
mother´s highest school qualification (N=) 
no school qualification 
secondary school, level 1 
secondary school, level 2 
polytechnics entrance exam 
A-level/ university entrance exam 
Other 
 
0 
5 
18 
3 
7 
1 
 
0 
4 
14 
0 
16 
0 
mother´s highest professional qualification (N=) 
in training 
no professional qualification 
vocational training 
vocational secondary school 
polytechnics 
university 
Other 
 
0 
2 
25 
1 
1 
4 
1 
 
2 
3 
17 
3 
3 
6 
0 
father´s level of education (scale 1-8) Median 5.0 (Range 3-8) Median 6.0 (Range 1-8) 
father´s highest school qualification (N=) 
no school qualification 
secondary school, level 1 
secondary school, level 2 
polytechnics entrance exam 
A-level/ university entrance exam 
Other 
 
0 
10 
8 
2 
14 
0 
 
2 
8 
5 
2 
16 
0 
father´s highest professional qualification (N=) 
in training 
no professional qualification 
vocational training 
vocational secondary school 
 
0 
0 
16 
7 
 
0 
3 
10 
11 
 20 
polytechnics 
university 
Other 
3 
7 
1 
4 
5 
0 
family net income per month (scale 1-5 + N=) 
< 900 € 
900 bis <2000 € 
2000 bis <3500 € 
3500 bis <7500 € 
≥7500 € 
Median 3.0 
0 
6 
21 
7 
0 
Median 3.0 (4 missing) 
1 
3 
22 
4 
0 
parental depression scale (CES-D) 
N with value above clinical cut-off 
Mean 8.0 (SD=4.97) 
0 
Mean 8.6 (SD=5.08) 
0 
mother´s nationality (N=) 
German 
Other 
 
33 
1 
 
30 
4 
father´s nationality (N=) 
German 
Other 
 
32 
2 
 
27 
6 
parental marital status (N=) 
married, living together 
married, living apart 
divorced 
not married, living together 
living apart 
 
30 
0 
1 
0 
3 
 
28 
2 
1 
1 
2 
HC healthy controls 
The parental level of education (scale 1-8) is composed of a combination of highest 
graduation level and highest training qualification. 
For one father of HC, no information exists. 
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Table 2 
Cognitive performance in PRS and control group 
Scales of K-ABC PRS (n=34) HC (n=29) * PRS (n=34) HC (n=34) 
 Mean (SD) Mean (SD) below 
average (%) 
on the average 
(%) 
above- 
average (%) 
below 
average (%) 
on the average 
(%) 
above- 
average (%) 
sequential 
processing scale 
102.38 (13.64) 111.21 (9.29) 8.8 76.5 14.7 0.0 67.6 32.4 
simultaneous 
processing scale 
108.24 (11.14) 117.86 (10.97) 0.0 70.6 29.4 0.0 41.2 58.8 
mental processing 
composite 
105.12 (9.86) 114.14 (8.69) 0.0 85.3 14.7 0.0 55.9 44.1 
achievement scale 104.74 (11.34) 112.76 (9.41) 2.9 85.3 11.8 0.0 55.9 44.1 
HC healthy controls 
Corresponding to the normative sample (µ=100; σ^
 
=15) 15.87 % results below average, 68.26 % on the average and 15.87 % above-average 
were expected. 
* Due to missing data in some covariates, the group size of HC is n=29 for this analysis of covariance. 
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Table 4  
Strengths and difficulties in PRS and control group 
Scales of SDQ PRS (n=33) * HC (n=29) * PRS (n=34) HC (n=34) 
 Mean (SD) Mean (SD) normal (%) borderline (%) abnormal (%) normal (%) borderline (%) abnormal (%) 
Global score of total 
difficulties 
8.64 (3.73) 7.45 (4.70) 79.4 14.7 5.9 85.3 5.9 8.8 
Emotional symptoms 2.21 (1.65) 1.86 (1.64) 79.4 5.9 14.7 85.3 8.8 5.9 
Conduct problems 1.18 (1.13) 1.76 (1.43) 91.2 8.8 0.0 88.2 5.9 5.9 
Hyperaktivity/inattention 3.33 (2.29) 3.00 (2.44) 79.4 11.8 8.8 85.3 5.9 8.8 
Peer relationship problems 1.91 (2.19) 0.83 (1.17) 76.5 11.8 11.8 97.1 2.9 0.0 
Prosocial behaviour 8.27 (1.31) 7.69 (1.73) 100.0 0.0 0.0 91.2 5.9 2.9 
HC healthy controls 
Global score of total difficulties (normal: 0-12 points, abnormal: 16-40 points); emotional symptoms (normal: 0-3 points, abnormal: 5-10 
points); conduct problems (normal: 0-3 points, abnormal: 5-10 points); hyperactivity/inattention (normal: 0-5 points, abnormal: 7-10 points); 
peer relationship problems (normal: 0-3 points, abnormal: 5-10 points; prosocial behaviour (normal: 6-10 points, abnormal: 0-4 points) (30). 
Corresponding to the normative sample approx. 80-85% normal results, 5-8% borderline and 7-10% abnormal results were expected (30). 
* Due to missing data in some covariates, the group size is n=33 for PRS and n=29 for HC for this analysis of covariance. 
 
